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The articles in this series focus on four key areas of research on HRV. Two articles concern the physiological underpinnings of the observed periodicities in the heart-rate time series. The central nervous system concomitants of HRV in humans have been an area of much speculation based upon animal data but very little direct experimental work. Thayer and Siegle review recent experimental literature and build a computational model to test some of the hypotheses suggested by such data. They report that the prefrontal cortex and the amygdala are reciprocally connected and both are linked to HRV. Furthermore, it has been observed for many years that a very low frequency component is evident in the heart-rate power spectrum. This component has been linked with thermoregulation and the renin-angiotensin system. Relatively invasive studies examining core body temperature have found that manipulations of temperature produce variability in a frequency band centered around 0.03 Hz. However, few noninvasive studies with adequate data records have investigated this phenomenon. Sollers and colleagues tackle this issue and show that ambient cooling is associated with an increase in power in the very low frequency band. These articles further our understanding of the physiological origins and concomitants of the data derived from spectral analysis of HRV.
Another area of research in HRV concerns the quantification and validity of various measures of HRV. Friedman and colleagues examine the issues of stationarity and the effect of time versus event sampling on time and frequency domain indices of HRV. They conclude that issues of HRV quantification should be guided by empirical and practical considerations within a particular research question rather than rigid adherence to idealized standards. Similarly, Thayer and colleagues describe a technique that allows researchers to index respiratory frequency from the heart period time series using the central frequency of the high-frequency spectral component derived from autoregressive spectral analysis. This technique, which does not require the direct measurement of respiratory frequency, may be particularly valuable in ambulatory settings and other situations in which the measurement of respiration may be problematic. Future applications of HRV analysis will be enhanced by the issues addressed by these two articles.
Time-frequency analysis of nonstationary data records has become almost standard in biomedical engineering. However, these techniques have unique problems and unique potential in the context of HRV analysis. Van Steenis and co-workers describe a new approach to the time-frequency analysis of HRV that helps to decompose the oscillatory and the noise components of the time series. This technique is shown to enhance discrimination among different experimental situations. Claria and colleagues apply time-frequency analysis to the understanding of the effects of coronary artery occlusion. They show that time-frequency analysis of the heart-rate time series can distinguish the site of the occlusion. These two articles show the utility of time-frequency analysis in both research and clinical settings.
Another area that has seen rapid growth is the application of nonlinear dynamical systems models to the quantification of the heart-rate time series. NaborsOberg and co-workers apply an index of system complexity to the examination of the effects of repeated smoking on HRV. They show that, compared to more traditional analysis techniques, this index may give nonredundant information about the physiological processes involved. Similarly, Carvajal and colleagues use an in-dex of the correlation dimension to discriminate groups of patients with different cardiopathologies. They show that their index of correlation dimension performs better in this discrimination than other correlation dimension and traditional indices. These articles point out an important aspect of the use of these often computationally intensive techniques-they must provide information that the other techniques do not in order to justify their use.
In summary, these eight articles address numerous areas of importance for the continued growth of the study of heart-rate variability. The four areas of the physiological underpinnings of HRV, quantification and validity of measures of HRV, the use of time-frequency analysis, and the application of dynamical systems models are all important domains of research that will further our understanding of the complex variability that characterizes the heart-rate time series. As this area continues to evolve it is hoped that the articles represented in this series may serve the research and clinical communities as they seek to unravel the rhythm of the heart. Julian F. Thayer received his B.A. in psychology from Indiana University and master's and Ph.D. degrees from New York University. After academic positions at Penn State University and the University of Missouri, he joined the National Institute on Aging to initiate a program on emotions and quantitative psycho-physiology. His research interests concern biological and psychological adaptation and flexibility in the context of dynamical systems models with applications to psychopathology, pathophysiology, and health. This work utilizes indices of autonomic nervous system function derived from cardiac variability measures to probe whole organism systems. He is a member of IEEE and serves on the board of the Rocky Mountain Biomedical Engineering Symposium. 
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(Continued from page 10) AIMBE include its advocacy role for a more research-friendly environment and for greater support and understanding of biomedical engineering. Much of what has been described above can be gleaned from his resume, but what is Robert Nerem like as a person? When asked how would he would describe himself, Bob Nerem answered that he sees himself first and foremost as an optimist. One of his 11 rules of life (not yet ready for publication) is that "the cup is always one-half full." Nerem summarizes his professional career as follows. It began in aerospace engineering and fluid mechanics. A serendipitous exposure to and his subsequent strong interest in the human body led him to study hemodynamics and endothelial function. Seeking to master endothelial function, he focused on cellular biology, molecular biology, and finally tissue engineering. Even after over 30 years of research work, he is overjoyed that he gets paid for doing things that give him so much fulfillment.
When asked about his plans for the next 3-5 years, Nerem was less sure. Having reached his 65th birthday, he and his wife of 24 years long to have more leisure time for travel and for his four children and seven grandchildren. His directorship of the Petit Institute ends in 2005. His NSF Engineering Research Center is up for renewal in 2004. To avoid leaving any doctoral students in a lurch, he also is wondering whether he should accept any more of them. Yet he does not want to give up mentoring bright, enthusiastic, and intelligent students. Regardless of what Nerem decides as the next phase for his life, there is little doubt that he will be remembered for his many contributions to our field.
